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Introduction
Small cell lung cancer (SCLC), with a short doubling time, as well as early invasion and rapid metastasis, is the most aggressive type of lung cancer. Approximately 60-70% of patients with SCLC are initially diagnosed at extensive stage, which has a poor median overall survival (mOS) of six weeks. 1, 2 Currently, platinum-based chemotherapy (platinum in combination with etoposide or irinotecan) is the primary treatment for extensive stage small-cell lung cancer (ED-SCLC), as previous studies have proven the role of chemotherapy in alleviating symptoms and prolonging survival. [3] [4] [5] Despite the fact that some traditional pairwise meta-analyses have assessed the safety of front-line chemotherapies for the treatment ED-SCLC, none of these studies conducted a comprehensive evaluation of the four available frontline chemotherapy regimens; comparisons were only made between two chemotherapy regimens, which failed to provide a rank of the comparative effectiveness of multiple interventions. [6] [7] [8] [9] Recently, Bakalos et al. conducted a network meta-analysis to estimate the effectiveness and tolerability of chemotherapy regimens in SCLC. 10 However, this study did not distinguish patients with extensive stage from those with limited stage, which made for less convincing conclusions. Furthermore, toxicities other than neutropenia and febrile neutropenia were not assessed in this study. Thus, evidence of the relative toxicities of these front-line therapies need to be further integrated and compared.
We carried out a network meta-analysis to compare the toxicity of different therapies for patients with ED-SCLC. By integrating direct evidence (from head-to-head trials) with indirect evidence (information about two treatments derived via a common intermediate comparator), the study provides the hierarchies of these interventions based on the frequency of toxicities, thus demonstrating the optimal chemotherapy regimens with acceptable toxicities and enabling comprehensive evidence synthesis for guiding clinical practice. 11 
Methods

Eligibility criteria
Participants
We included randomized controlled trials (RCTs) of patients with untreated ED-SCLC. We only abstracted the data of patients with ED-SCLC if the studies included both patients with ED-SCLC and patients with limited SCLC. We excluded studies of patients who received surgery, radiotherapy, or chemotherapy before receiving first-line chemotherapy.
Interventions and comparisons
We included studies with any two of the following interventions: irinotecan with cisplatin (IP), etoposide with carboplatin (EC), irinotecan with carboplatin (IC), and etoposide with cisplatin (EP). We ignored the dosage, route, and time of the interventions to facilitate calculation.
Outcomes
Hematological (anemia, leukopenia, neutropenia, and thrombocytopenia) and non-hematological toxicities (diarrhea, infection, and nausea and vomiting) were included. We did not include other adverse effects (such as renal and kidney function), because of the limited number of relevant studies and sample sizes, which were not adequate to form a relative comprehensive network.
Study design
We included parallel RCTs. We did not restrict the type of language or duration of follow-up.
Information sources and search strategy
We searched EMBASE, PubMed, CENTRAL, and clinicaltrials.gov using the terms "small-cell lung cancer," "randomized controlled trials," and their synonyms. In addition, we searched the references of included studies, relevant guidelines, and reviews to minimize possible omission.
Study and information selection process
Two authors independently made the preliminary selection according to citation title and abstract. After obtaining the full text, two authors performed secondary screening and recorded reasons to exclude any study. Any disagreement during the process was solved by discussion. A third author was consulted if no consensus was achieved.
We used a standard Excel table to extract the details of included studies (e.g. duration of follow-up, generation of random sequence, and concealment of allocation), participants (e.g. stage of cancer, diagnostic criteria, and baseline characteristics), interventions and comparisons, outcomes, and others factors which might affect the results. If information was unclear, we contacted the corresponding author of the included study.
Methodological quality appraisal
Two authors independently assessed the methodological quality of the included studies with the Cochrane risk of bias tool. 12 The tool included seven domains: random sequence generation, allocation concealment, blinding of participants and personnel, attrition bias, reporting bias, blinding of outcome evaluators, and other bias (such as commercial sponsorships, early drop-out, and baseline unbalance). We judged each domain with yes, no, or unclear.
Synthesis
All outcomes were indicated with odds ratios (ORs) and corresponding 95% confidence intervals (CIs). The network geometry showed that no comparison was informed by either direct or indirect evidence. Thus, to estimate the network estimates, we used the command "mvmeta" to synthesize the data through STATA V 13.1 (Stata Corp, College Station, TX, USA). 13 For transitivity assumption, we compared the baseline characteristics of each included study and performed data synthesis after verifying that the transitivity among different studies was good.
14 Consistency could not be assessed, as only tree-shaped networks were available. 14 We assumed a common within-network between-study variance indicated by I 2 calculated using the 15 We did not perform a funnel plot for publication bias because the number of included studies was less than 10. 16 To confirm the robustness of the results, we calculated the predictive interval (PrI) of each outcome and excluded studies with a high risk of bias as sensitivity analyses (we did not conduct sensitivity analysis if a comparison only included one study). The value of PrI is relatively more conservative than CI and predicts the potential treatment effects caused by an additionally available study. 17 We did not perform subgroup analysis to assess potential effect modifiers because some comparisons only included one study. For presentation of the intervention hierarchy, the surface under the cumulative ranking (SUCRA) curve was used to rank the treatments according to their safety. A rank-heat plot was used to depict the SUCRA values for all outcomes. 18 
Results
Literature search Figure 1 depicts a PRISMA flow diagram of study identification and selection. A total of 2378 references were identified through database searches and additional sources on 15 April 2016. After removing the duplicates and screening, 87 studies were considered eligible for full-text assessment. Finally, nine studies were included in the network meta-analyses. [19] [20] [21] [22] [23] [24] [25] [26] [27] Of the 78 excluded studies, 52 studies contained inappropriate control groups, 17 lacked relevant interventions, eight were non-RCTs, and one study contained an inseparable target population (interest outcomes of ED-SCLC cannot be extracted from overall SCLC).
Study features
A summary of the nine included RCTs, containing a total of 2317 participants, are detailed in Table 1 . The sample size in each study varied from 61 to 651, and the median age of patients ranged from 51 to 74 years old. Cisplatin or carboplatin combined with etoposide or irinotecan were evaluated in the nine included studies. Four studies were performed in Europe, three in Asia, and two in the United States. Figure 2 provides the judgments of the risk of bias in the nine included trials. Random sequence generation and allocation concealment were adequately performed in seven and three studies separately. All studies required the blinding of participants and personnel, and were considered as having a low risk of attrition or reporting bias. Only two trials blinded the process of outcome assessment. Considering the other bias, three trials received commercial sponsorships.
Risk of bias in included studies
Hematological toxicities
Anemia
The four front-line chemotherapy-related incidences of grade 3 and 4 anemia were reported in the nine trials with 2305 participants (Fig 3) . As shown in Figure 4 , etoposide with carboplatin (EC) is associated with the highest incidence, while irinotecan with cisplatin (IP) resulted in the lowest rate. Among these comparisons, the incidence of anemia was significantly higher in the EC group than in the IC group (OR 2.02, 95% CI 1.13-3.63). Patients who received an EP regimen were remarkably more likely to suffer anemia compared with those treated with an IP regimen (OR 1.70, 95% CI 1.13-2.56). The details of comparisons are listed in Table 2 . The PrI result indicated no significant differences between any of the comparisons (Fig 5) .
Leukopenia
Incidences of grade 3 or higher leukopenia during the four primary platinum-based chemotherapies for the treatment of ED-SCLC were reported in eight trials, including 1983 patients. As demonstrated in Figure 4 , EC was associated with the highest incidence, while IP resulted in the lowest rate. Among these comparisons, the incidence of leukopenia was significantly higher in the EC than in the IC group (OR 2.67, 95% CI 1.25-5.72). Patients who received an EP regimen were remarkably more likely to suffer leukopenia compared with those treated with an IP regimen (OR 2.65, 95% CI 1.34-5.28). The PrI result indicated no significant differences between any of the comparisons.
Neutropenia
Only three front-line chemotherapy regimens (EC, EP, and IP) administered to 1813 patients with ED-SCLC in six studies were associated with the incidence of grade 3 or higher neutropenia. Based on the results shown in Figure 4 , EC was associated with the highest incidence, while IP resulted in the lowest rate. Among these comparisons, the incidence of neutropenia was significantly higher in the EC than in the IP group (OR 12.08, 95% CI 2.13-68.66). Patients who received an EP regimen were remarkably more likely to suffer neutropenia compared with those treated with an IP regimen (OR 5.70, 95% CI 2.93-11.10). IC related comparisons were not available, as none of the studies that contained IC as an intervention reported any incidence of neutropenia. The PrI result indicated no significant differences between any of the comparisons.
Thrombocytopenia
Incidences of grade 3 and 4 thrombocytopenia from the four front-line chemotherapies were reported in a total of nine trials with 2305 participants. As shown in Figure 4 , EC is associated with the highest incidence, while IP resulted in the lowest rate. Among these comparisons, the incidence of thrombocytopenia was significantly higher in the EC than in the EP (OR 6.81, 95% CI 1.97-23.51), IC (OR 2.73, 95% CI 1.27-5.85), or IP groups (OR 22.17, 95% CI 5.41-90.83). Patients who received an EP regimen were remarkably more likely to suffer thrombocytopenia compared with those treated with an IP regimen (OR 3.26, 95% CI 1.66-6.38). The incidence of thrombocytopenia in the IC group also significantly outnumbered that of the IP group (OR 8.13, 95% CI 1.64-40.34). The PrI results indicated there were no significant differences between the comparisons, except for the EC versus the IP group.
Non-hematological toxicities
Diarrhea
Nine trials with 2305 participants reported incidences of grade 3 or higher diarrhea caused by the four front-line chemotherapies. As demonstrated in Figure 4 , IP is associated with the highest incidence, while EP and EC reported the lowest rates. Among these comparisons, incidences of diarrhea were significantly less frequent in the EP than in the IP group (OR 0.09, 95% CI 0.03-0.25). Patients who received an EC regimen experienced remarkably lower rates of diarrhea compared with those treated with an IC regimen (OR 0.26, 95% CI 0.10-0.68). The PrI result indicated no significant differences between the comparisons, except for the EP versus the IP group.
Infection
Six trials with 1633 participants reported incidences of grade 3 and 4 infection associated with all four of the front-line chemotherapies. As demonstrated in Figure 4 , EC is associated with the highest incidence, while IP demonstrated the lowest rate. None of these comparisons were statistically significant regarding the incidence of infection. The PrI results indicated no significant differences between any of the comparisons.
Nausea and vomiting
Incidences of grade 3 or higher nausea and vomiting during the four primary platinum-based chemotherapies for the treatment of ED-SCLC were reported in eight trials including 2099 patients. As shown in Figure 4 , IP was associated with the highest incidence, while EC resulted in the lowest rate. Among these comparisons, the incidence of nausea and vomiting was significantly lower in the EP compared with the IP group (OR 0.53, 95% CI 0.33-0.84). The PrI result indicated no significant differences between any of the comparisons.
Sensitivity analysis and between-study variances
The results of sensitivity analyses were similar to the previous results. There was no significant heterogeneity between studies.
Discussion
Summary of the results
Our network meta-analysis reveals the different toxicity profiles of the four front-line chemotherapy regimens for the treatment of patients with ED-SCLC. We provided each toxicity profile a ranking according to toxicity frequency. Both hematological and non-hematological toxicities were evaluated. Some grade 3/4 toxicities, such as renal and hepatic dysfunction, were not included because their rare occurrence meant there was inadequate data for comparison. Comparisons between adverse effects, such as fatigue, dehydration, hypertension, anorexia, dyspnea and multiple therapies were also not performed, as these effects were only reported in three studies. Among the four platinum-based front-line chemotherapy regimens, hematological toxicities were the most common in EC-treated patients, while IP was associated with the lowest incidence. In contrast, the incidence of non-hematological toxicities, especially for the incidence of toxicities of the digestive tract (such as diarrhea, and nausea and vomiting), was the highest with the IP regimen and lowest with the EC regimen. No significant differences regarding infection were found between these regimens.
Comparison with previous studies
Our results are compatible with previous traditional pairwise meta-analyses, in which hematological adverse effects occurred less frequently with IP treatment, while nonhematological toxicities (e.g. diarrhea), were more likely with an EP regimen. 6, 8 Additionally, in one study, patients who received etoposide-based chemotherapy were less susceptible to diarrhea, but tended to suffer severe hematological toxicities compared with irinotecan-based chemotherapy. 7 Furthermore, Jiang et al. also reported that some hematological toxicities, such as thrombocytopenia, were more common in patients who received EC compared with those who received EP. However, none of these studies provided an exact rank of the safety of the four regimens for each adverse effect. According to our results, IP is the safest regimen in respect to hematological toxicities. The comparatively minimal myelosuppression of an IP regimen reasonably explained the lowest occurrence rate 
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of infection; however, the incidence rate of serious side effects of the digestive tract is highest with IP. Etoposide is related to a significantly higher incidence of hematological toxicities compared with irinotecan when both are combined with platinum. The incidence of hematological toxicities is more likely to be higher in patients treated with carboplatin than in those treated with cisplatin.
Limitations
Initially, our network meta-analyses included more studies and patients compared with previous pairwise metaanalyses (Lima 2010: 6 studies with 1619 patients; Jiang 2012: 7 studies with 1872 patients; Shao 2012; 7 studies with 2027 patients), thus, the relatively limited sample size finally used might affect the precision of the results. In addition, we could not evaluate the inconsistency of the network because there were no loops in our study and we could not assess publication bias because of the limited number of studies included. These methodological flaws might influence the robustness of the results. Evaluation of other important toxicities, such as febrile neutropenia, drug-related death, and dehydration, were not feasible because of a lack of reported data. Finally, the different follow-up durations, variations in dosage, premedication, racial differences, and genetic variations between the comparisons could not be adjusted because of the absence of data, which also restrict the application of the results. Circles from outerside in refer to: leukopenia, anemia, neutropenia, thrombocytonia, diarrhea, nausea and vomiting (note spelling), and infection **The white sector including a * refers to a treatment without data on the outcome within the circle** Figure 4 Rank-heat plot of the four first-line chemotherapy regimens for patients with extensive-stage small-cell lung cancer (SCLC) in seven outcomes. Each sector is colored according to the surface under the cumulative ranking (SUCRA) value of the corresponding treatment and outcome. The scale consists of the transformation of three colors: red (0%), yellow (50%), and green (100%), and each color is associated with a different pattern. Uncolored sectors show that the underlying treatment was not included in the network meta-analyses for the particular outcome. 
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Among the four platinum based front-line chemotherapy regimens, hematological toxicities were the most common in EC-treated patients, while IP were associated with the lowest incidence. The incidence of toxicities of the digestive tract (such as diarrhea, and nausea and vomiting), was the highest for the IP regimen, and lowest for the EC regimen. No significant differences regarding infection were found between these regimens. 
